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Due to recent changes in Department of Defense policy, 
women in the military will have more opportunities to 
serve in combat arms military occupational specialties 
(MOS). These new opportunities will bring new chal-
lenges, including the ability to carry heavy loads over 
long distances in combat situations. Historically, the 
ability to lift and carry has been an important contribu-
tor to success in military combat operations.1,2 As mod-
ern warfare incorporates increasingly heavier external 
loads, load carriage capability has gained recognition as 
an essential physical attribute in warfare.3-5 Specifi cally, 
“fi ghting” loads average 29 kg, “approach” loads aver-
age 46 kg, and “emergency approach” loads average 60 
kg.1,2,6 These heavy loads often exceed the limits recom-
mended by Army doctrine1,6 and may partially explain 
why musculoskeletal injuries now comprise the largest 
proportion of all injuries.7-10 Thus, as women enter new 
combat roles, it is necessary to determine which physi-
cal abilities are most closely related to performance on 
load carriage tasks. With this knowledge, load carriage-
specifi c training interventions can be developed and 
implemented.7,11,12
The components of physical fi tness that contribute the 
most to successful load carriage performance in women 
have been previously examined and are a growing area 
of research.3,13-16 Load carriage is a frequent physical de-
mand, particularly in deployed environments. Thus, a 
stronger Soldier could be expected to perform better on 
load carriage tasks and demonstrate greater resilience to 
the inherent injury risks these tasks present.7,17,18 To that 
end, Kraemer et al,16,19 Harman et al,20 and Hendrickson 
et al21 have shown that strength improvement, particular-
ly in the upper body, has a profound impact on women’s 
physical performance in military-specifi c tasks (ie, load 
carriage). Nevertheless, since loads are often carried 
over great distances and with considerable speed, high 
aerobic capacity is a common trait in Soldiers who suc-
cessfully perform long distance load carriages.2,3,12,21,22
The prevalence of acute and overuse injuries to the spine 
and lower body3,7,18,23-27 during military duties necessi-
tates general physical preparedness and an emphasis on 
both strength and endurance capacity.16,21 A Soldier’s 
performance on military-relevant load carriage tasks 
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ABSTRACT
Purpose: This investigation sought to determine the most predictive measures of performance on a repetitive box 
lifting task (RBLT) and load bearing task (LBT) among 123 women (aged 23±4 years, height 165±7 cm, body mass 
64±10 kg).
Methods: To determine the relationship of various predictors to performance on the RBLT and LBT, multiple regres-
sion analysis was conducted on body mass, height, leg cross-sectional area, upper and lower body muscular strength, 
lower body explosive power, upper and lower body local muscular endurance, and aerobic capacity.
Results: The mean±SD (range) number of repetitions for the RBLT was 86±23 (20-159). The mean±SD (range) 
time to complete the LBT was 2,054±340 seconds (1,307-3,447). The following equations were generated: RBLT 
(number of repetitions)=57.4 + 0.2(peak jump power) + 0.4(number of pushups in 2 minutes) + 0.15(number of 
repetitions during the squat endurance test) + 1.39(one repetition maximal strength boxlift (kg)) – 0.04(2-mile run 
time (2MR) in seconds), R=0.81; standard error of the estimate (SEE)=14; LBT (in seconds)=1,831 – 4.28(number 
of repetitions during the squat endurance test) + 0.95(2MR in seconds) – 13.4(body mass), R=0.73; SEE=232.
Conclusions: We found that the 2MR and squat endurance test were signifi cant predictive factors for performance on 
both load carriage tasks. These data also imply that women’s performance in combat-related tasks can be improved 
with training that targets muscular strength, power, and local muscular endurance in addition to aerobic capacity.
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may provide insight into his or her current state of phys-
ical preparation. Furthermore, due to the physically de-
manding nature of these tasks, directly addressing them 
in training programs may help resolve existing defi cien-
cies. This is of paramount importance when load car-
riage and repetitive lifting tasks are performed in theatre 
under less than ideal conditions (ie, extreme fatigue, de-
hydration, extended combat operations), which contrib-
ute to increased injury likelihood and incidence.10,28-30 A 
well-designed training program that emphasizes both 
resistance exercise and traditional cardiovascular train-
ing may not only improve Soldier performance, but also 
help prevent common overuse injuries that occur during 
load carriage tasks.
To better understand the physical demands of load car-
riage in women, we must evaluate the relationship of 
military-relevant tasks with various characteristics of 
physical fi tness. Such data would not only help to char-
acterize the physical requirements of these tasks but 
would also provide valuable information on the physical 
training required to enable female Soldiers to success-
fully perform the duties of combat MOSs. The purpose 
of this investigation was to identify the physical fi t-
ness components that most strongly predicted women’s 
performance in 2 military-relevant occupational tasks. 
These tasks utilized loads and conditions that refl ect lim-
its prescribed by Army doctrine for approach marches,1,2 
Soldier testing and training, and previous experimental 
work.12,19,20,31,32 These tasks included a repetitive box lift-
ing task and an endurance-based, load bearing task. The 
knowledge obtained during this investigation could as-
sist in the development of training strategies that, with 
time and further refi nement, would allow for improved 
Soldier productivity, resilience, and injury rates.
MATERIALS AND METHODS
The study participants were 123 untrained civilian 
women (mean±SD: aged 23±4 years; height 165±7 cm; 
body mass 64±10 kg). Each subject was briefed on the 
risks and benefi ts of the investigation, and each signed 
an institutionally approved, informed consent document 
prior to her participation. Each subject was medically 
screened by a physician to eliminate any medical con-
cerns or pathologies that may have compromised the 
subject’s participation or confounded the results. This 
sample population of healthy women with no previous 
history of resistance training demonstrated a wide range 
of fi tness capabilities, such that might be representative 
of a typical cohort of women entering into military ser-
vice.33,34 The factors used to predict task performance in 
this study were body mass, height, magnetic resonance 
imaging (MRI)-assessed thigh muscle cross-sectional 
area, one repetition maximal strength in the bench press, 
back squat, high pull and the box lift, pushup muscular 
endurance, explosive jump power, squat endurance, and 
2-mile run time. All predictors and load carriage tasks 
had been previously shown to possess test-retest reli-
ability correlations R≥0.95.19
Performance Predictors
1. Thigh muscle cross-sectional area (TMCSA). 
The TMCSA was assessed for the dominant leg using an 
MRI 0.5 Tesla super conduction magnet (Picker Interna-
tional Inc, Highland Heights, OH) with MR6B software. 
Tissue cross sectional area was obtained by displaying 
the images through a Maxitron displayer and Adobe 
program and using the MacIntosh version NIH 1.55.20A 
Image Analysis computer program (National Institutes 
of Health, Washington, DC).
2. One repetition maximal strength (1RM) measures. 
These strength measures consisted of the squat, bench 
press, high pull, and box lift and were assessed with the 
use of the Plyometric Power System (PPS) (Power Sys-
tems Inc, Knoxville, TN). The PPS was specially de-
signed to accurately collect strength and power data and 
to safeguard against injury by using a braking system to 
prevent falls. A National Strength and Conditioning As-
sociation Certifi ed Strength and Conditioning Specialist 
monitored all tests and ensured compliance with pre-
scribed exercise techniques. For the 1RM squat, the sub-
ject was required to descend into a parallel squat posi-
tion by fl exing the knees and hips until the trochanteric 
head of the femur reached the same plane as the superior 
border of the patella.35 For the 1RM bench press, the 
subject was required to lower the bar until it touched the 
chest, and lift the bar back to the straight-arm position.35 
For the 1RM high pull, the subject stood upright with 
arms extended at the sides of the body and the feet po-
sitioned so that the instep of each foot was directly un-
der the bar (resting position). The subject then fl exed her 
hips before performing a simultaneous “triple extension” 
(of the ankle, knee, and hips) with maximal power while 
pulling the bar, using trapezoid fl exion and shoulder ab-
duction, to the height of the medial clavicles (the fi nish 
position).35 The 1RM box lift required the subject to lift 
a box from the fl oor to a height of 1.32 m (simulating the 
bed height of a military 5-ton cargo truck). Upon failing 
at an attempt on any of the 1RM tests, the subject was 
given a fi nal attempt with a weight less than that used 
in the failed attempt, but greater than that of the highest 
successful attempt (adapted from Maud and Foster35).
3. Muscular endurance and aerobic capacity. The 
maximum number of pushups that a subject could per-
form correctly in 2 minutes was used to assess upper 
body muscular endurance. The minimum amount of 
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time in which a subject completed a 2-mile run was used 
to assess aerobic capacity. Both of these measures were 
tested according to guidelines and procedures provided 
in Field Manual 21-20 (now obsolete, superseded by 
Field Manual 7-2236)
4. Squat endurance test. The squat endurance test re-
quired the subjects to perform repetitive squatting with 
an absolute load of 45.36 kg placed on the PPS barbell 
system which was lifted over a specifi c distance of 0.36 
m per repetition at a rate of 37.5 repetitions per min-
ute (0.625 repetitions per second).19 These specifi cations 
were employed to allow for an external power output of 
100 watts during the test. The total number of repeti-
tions that the subject performed was used for analysis.
5. Lower body explosive power. To assess lower body 
explosive power, subjects performed an explosive squat 
jump lift using the PPS interfaced with a computer for 
data acquisition. Each subject’s previously determined 
1RM squat load was used to calculate her 30% of 1RM 
intensity for use in the squat jump test. The squat jump 
required the subject to perform a parallel squat and, 
upon reaching the bottom position of the lift, to explo-
sively extend the hips and knees, thus accelerating the 
barbell mass upward with maximum power.19,37
Military-relevant Occupational Tasks
1. Repetitive box lift task (RBLT). The RBLT required 
the repetitive lifting of two 20.45 kg metal boxes placed 
on 2 platforms 1.32 m high (again, to  simulate the height 
of a 5-ton military cargo truck) and 2.4 m apart. The 
subject moved at a volitional pace between one platform 
and the other to lift the box from its position adjacent to 
the platform to the top of that 
platform. The purpose of the 
test was to measure the sub-
ject’s ability to lift as many 
boxes as possible in 10 min-
utes; performance was mea-
sured by the total number of 
boxes lifted (adapted from 
Harman et al38 and Knapik39).
2. Load bearing task 
(LBT). The LBT required the 
subjects to carry a 34.1 kg 
backpack (termed rucksack) 
a distance of 2 miles on an 
all-weather 400 m track. The 
rucksack was constructed 
of an external frame with 
an attached backpack in 
which the load was properly 
positioned. Upon command, the subjects moved as fast 
as they could to cover the 2-mile distance. The perfor-
mance was measured in seconds.19
Statistical Analyses
Values are reported as means±SD. Prior to all statistical 
runs, the data were confi rmed to have met the statistical 
assumptions for linear statistics. Simple and stepwise 
multiple regression analyses were used to determine 
relationships between and among variables and to de-
termine the proportion of variance explained by specifi c 
variables of interest that entered into the respective re-
gression equations for the RBLT and the LBT. In this 
study, signifi cance was defi ned as P≤ .05.
RESULTS
Table 1 lists the descriptive data for the various tests 
and with the 25th, 50th, and 75th percentiles presented 
for all variables. These variables were selected because 
they represent a broad spectrum of physical fi tness 
components that infl uence military task performance. 
We attempted to select tests that assessed upper and 
lower body muscular strength, power, and endurance 
as well as aerobic capacity. Depending on the variable 
(as shown in Table 1), data was collected for 113 to 123 
study participants. For some variables (eg, pushups and 
squat endurance) some subjects failed to complete a suc-
cessful repetition, thus demonstrating a high discrimi-
nating ability for these tests.
Table 2 displays the correlational matrix among all 
variables. All of the independent variables were signifi -
cantly correlated with the 2 dependent variables (RBLT 
and LBT). The 2-mile run time yielded the highest 
Table 1. Descriptive Data for the Various Tests. The variables were selected because they 
represent a broad spectrum of physical fi tness components that infl uence military task per-
formance.






Height (cm) 122 166±7 (145-184) 162 166 169
Weight (kg) 123 64±10 (43-106) 57 62 70
TMCSA (cm2) 122 122±17 (89-183) 111 120 132
Bench press (kg) 123 32±7 (17-58) 26 31 35
Squat (kg) 123 52±12 (17-88) 44 52 58
High pull (kg) 121 33±6 (15-54) 29 32 36
Maximal box lift (kg) 121 30±5 (21-48) 27 30 33
Pushups (no. reps) 120 20±13 (0-57) 10 17 28
Squat endurance (no. reps) 116 19±14 (0-95) 8 16 24
Jump power (watts) 116 1,623±323 (875-2,868) 1,390 1,587 1,797
Two mile run (seconds) 120 1,213±231 (830-2,040) 1,358 1,191 1,043
Rucksack run (seconds) 113 2,054±337 (1,307-3,447) 2,267 2,025 1,850
Repetitive box lift (reps) 113 86±23 (20-159) 69 85 104
Notes: n=number of participants from which data was collected; TMCSA indicates thigh muscle cross-
sectional area; reps indicates repetitions.
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correlation overall (r=-0.54 for the RBLT and 0.60 for 
the LBT). Other factors also contributed to these task 
performances, as only about 36% of the shared variance 
was explained. It is interesting to note that the test bat-
tery used was diverse and represented different physical 
requirements of the neuromuscular system as noted by 
the low to moderate relationships for multicollinearity 
of the tests performed.
Table 3 provides the regression equations for the RBLT 
and the LBT. For the RBLT; the explosive jump power, 
pushups, squat endurance test, 1RM box lift, and 2-mile 
run time entered into the equation. For the LBT; the 
squat endurance test, 2-mile run time, and body mass 
entered into the equation.
The fi nal regression equations explained approximate-
ly 65% of the variance for the RBLT and 53% of the 
variance for the LBT. The stan-
dard errors of estimates were 
14 repetitions for the RBLT 
and 232 seconds for the LBT. 
Interestingly, the squat endur-
ance test and timed 2-mile run 
contributed signifi cantly to 
both regression equations. Our 
results show that, depending 
on the physical demands of the 
task, both aerobic capacity and local muscular endur-
ance can contribute signifi cantly to task performance.
COMMENT
Research has consistently shown that increased strength 
contributes to signifi cant improvements in military-
specifi c task performance.3,16,19,21 Previous studies have 
demonstrated that stronger, more muscular individuals 
perform load carriage and repetitive lifting tasks more 
effi ciently and with indications of lower stress to the 
musculoskeletal system.3,12,19,20 The results of the present 
investigation support the argument that upper and lower 
body strength, power, and local muscular endurance 
play important roles in load carriage task performance 
in women. Currently, military physical fi tness training 
prioritizes traditional cardiovascular training. Our fi nd-
ings also support the importance of aerobic capacity, as 
higher aerobic capacity was associated with decreased 
Table 3. Regression equations for repetitive box lifting tasks (RBLT) and load bearing task 
(LBT).
Variable Regression Equation R R2 SEE
RBLT (reps) 57.4+0.2(JP)+0.4(PU)+0.15(SE)+1.39(BL)–0.04(2MR) 0.81 0.65 14
LBT (seconds) 1831–4.28(SE)+0.95(2MR)–13.4(BM) 0.73 0.53 232
Key
reps – repetitions BL – 1RM box lift
JP – jump power 2MR – 2 mile run time
PU – pushups BM – body mass (kg)
SE – squat endurance
Table 2. Matrix of Correlation Among the Variables.
BP BL TCSA HP HT JP PU SE SQ 2MR BM RBLT LBT
BP 1.00* 0.58* 0.50* 0.71* 0.09 0.50* 0.48* 0.48* 0.57* -0.28* 0.24* 0.56* -0.48*
BL 0.58* 1.00* 0.53* 0.62* 0.46* 0.66* 0.10 0.43* 0.58* -0.03 0.53* 0.54* -0.37*
TCSA 0.50* 0.53* 1.00* 0.60* 0.24* 0.74* -0.03 0.50* 0.61* 0.00 0.60* 0.41* -0.31*
HP 0.71* 0.62* 0.61* 1.00* 0.20* 0.66* 0.20* 0.52* 0.58* -0.18* 0.32* 0.52* -0.42*
HT 0.09 0.46* 0.29* 0.20* 1.00* 0.44* -0.35* 0.22* 0.04 0.01 0.54* 0.22* -0.27*
JP 0.50* 0.66* 0.74* 0.66* 0.44* 1.00* -0.10 0.59* 0.64* 0.00 0.67* 0.47* -0.35*
PU 0.48* 0.10 -0.03 0.20* -0.35* -0.01 1.00* 0.24* 0.28* -0.52* -0.39* 0.45* 0.26*
SE 0.48* 0.43* 0.50* 0.52* 0.22* 0.59* 0.24* 1.00* 0.59* -0.32* 0.17 0.55* -0.46*
SQ 0.57* 0.58* 0.61* 0.58* 0.04 0.69* 0.28* 0.59* 1.00* -0.16 0.26* 0.48* -0.27*
2MR -0.28* -0.03 0.00 -0.18* 0.01 0.00 -0.52* -0.32* -0.16* 1.00* 0.41* -0.54* 0.60*
BM 0.24* 0.53* 0.60* 0.32* 0.54* 0.67* -0.39* 0.17 0.26* 0.41* 1.00* 0.19* -0.19*
RBLT 0.56* 0.54* 0.41* 0.52* 0.20* 0.47* 0.45* 0.55* 0.48* -0.54* 0.19* 1.00* -0.61*
LBT -0.48* -0.37* -0.31* -0.42* -0.27* -0.35* -0.26* -0.46* -0.27* 0.60* -0.19* -0.61* 1.00*
*P≤ .05
Key
BP – 1RM bench press (kg) SE – squat endurance
BL – 1RM box lift (kg) SQ – 1RM squat (kg)
TCSA – thigh cross-sectional area (cm2) 2MR – 2 mile run time
HP – 1RM high pull (kg) BM – body mass (kg)
HT – height (cm) RBL – repetitive box lift
JP – jump power (W) LBT – load bearing task (2-mile rucksack carry)
PU – pushups 
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LBT time, while lower aerobic capacity was associated 
with decreased RBLT volume. It appears that training 
strategies for military populations must include both re-
sistance and traditional cardiovascular training.
Our fi ndings also refl ect the importance of training 
specifi city. For example, the 1RM box lift factored 
strongly into performance on the RBLT. This is not sur-
prising if we consider that individuals who are able to 
lift heavier loads (eg, 1RM box lift) will likely perform 
better on a related task such as the RBLT. Furthermore, 
lower body power (jump squat) and local muscular en-
durance (pushups and squat endurance) could be ex-
pected to contribute positively to a repetitive box-lifting 
task, which would appear to require these qualities. Per-
formance on the LBT also appeared to refl ect the task’s 
specifi c physical attributes most strongly. For instance, 
lower aerobic capacity, refl ected in higher 2-mile run 
times, corresponded with higher LBT times, while in-
creased body mass and lower body muscular endurance 
were associated with improved LBT times. Neverthe-
less, performance on both tasks benefi tted from higher 
aerobic capacity and local muscular endurance, thus il-
lustrating the transferability of more nonspecifi c exer-
cise adaptations.
The principle of specifi city dictates that training mir-
ror the specifi c physical requirements of the activity.14,40 
Therefore, to the extent possible, training programs for 
Soldiers should include physical tasks that are similar 
to those required by the MOS or duty assignment. Cur-
rent training recommendations for load carriage include 
performing specifi c load carriage tasks with progressive 
loading and duration once per week, in addition to resis-
tance training and aerobic conditioning.22 The selected 
occupational tasks (LBT and RBLT) were deemed high-
ly relevant—they are either regularly performed or used 
in training.1,2,31,41 Our fi ndings also highlight the impor-
tance of upper body strength in women, as the 1RM box 
lift and pushup results were signifi cant predictors of 
RBLT performance.19,39
It is important to note that the 2 tasks evaluated in this 
study require many performance strategies, physiologi-
cal systems, psychological demands, and biomechani-
cal techniques. Therefore, it might be expected that 
the physical components measured in this study do not 
completely explain performance on these 2 tasks. Psy-
chological factors such as motivation may also explain 
some of the results. In addition, the use of nonmilitary 
volunteers might have produced fi ndings that would dif-
fer from those of enlisted women although we specifi -
cally chose college-aged women of varying fi tness and 
anthropometrics in order to simulate a plausible enlist-
ment cohort. Thus, other tests and/or factors (eg, psycho-
logical, inherent differences between enlisted and civil-
ian volunteers) may need to be explored to better predict 
performance in untrained women. Finally, any labora-
tory test, however similar to those tasks carried out in 
combat, should not be expected to possess complete pre-
dictive accuracy as it relates to performance in theatre. 
A true evaluation of performance requires a multifacto-
rial assessment encompassing both physical and psycho-
logical motivating factors in combat situations. 
RELEVANCE TO PERFORMANCE TRIAD
Muscular endurance, strength, power, aerobic capac-
ity, and task-specifi c ability are all factors that infl u-
ence an individual’s performance on military load car-
riage and repetitive lifting tasks such as those evaluated 
here. These data are important because it is necessary 
to know what components of physical fi tness contrib-
ute to military task performance so adequate training 
programs can be designed. The primary value of this 
study is that it reports the relationships of various physi-
cal fi tness components to military task performance in 
women. Prior research has demonstrated that load car-
riage can result in overuse injuries, particularly to the 
spine and lower extremities. Regardless of the injury 
risk, load carriage is an integral part of soldiering, and 
the external loads that Soldiers are required to carry has 
increased in recent years, despite improvements in load 
carriage equipment. 
As the military continues to place heavy demands on 
Soldiers and expands combat arms MOS opportunities 
to women, it is paramount that training programs in-
clude heavy periodized resistance training to improve 
lower and upper body power, strength, and local muscu-
lar endurance, in addition to traditional cardiovascular 
training. Moreover, the present investigation highlights 
the importance of training specifi city. To the extent pos-
sible, training should refl ect occupation-specifi c tasks 
such as load carriage.
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